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EXPERIMENTAL PYELONEPHRITIS.
CHARACTERISTICS OF THE INFECTION IN DOGS**
Most models for the study of experimental pyelonephritis have involved
rodents whose kidneys have a single papilla. Infection is usually produced
following direct or indirect damage to the kidney to make it more sus-
ceptible to bacterial localization.`5
One limitation of previous experimental models has been the difficulty
in obtaining serial urine samples to follow changes in urinary sediment
and bacteriology during the course of experimental infection. Moreover,
in view of the small size of the kidney in these animals it is rather
difficult to obtain kidney tissue for histologic study of the infectious
process previous to removal of the entire organ.
Studies to be reported here were undertaken in dogs, primarily to
obviate many of the difficulties encountered in working with smaller
animals. During the course of the work, some advantages of this model
became obvious.
MATERIAL AND METHODS
Except where specified, the materials and methods were the same as described in
preceding articles.3" All experiments were carried out in dogs (28 males and 22
females). One week after cautery injury to the medulla of the left kidney 1 ml. of a
four hour culture (approximately 5 x 106 organisms) was injected intravenously.
Bladder catheterizations. Immediately following production of the medullary lesions,
the animals were subjected to a second procedure to facilitate subsequent bladder
catheterization. Female dogs had the vagina cleaned thoroughly and opened widely
with the aid of a rhinoscope. A 1.5 cm. to 2 cm. single cut was made medially in the
lower wall, rendering the introitus more permeable and allowing the urethral meatus
to be visualized. In the case of male animals a circumcision was performed consisting
of the excision of the excess free skin overlying the penis, uncovering the urethral
meatus. A French catheter No. 8 or No. 10, sterilized by boiling, and lubricated with
sterile vaseline, was used to obtain urine specimens. All animals had a urine culture
done before the injection of E. coli.
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Kidney biopsies. Under light pentobarbital anesthesia a 2 cm. incision was made at
the left lumbar region. The lower pole of the left kidney was located by digital
exploration, and gently fixed, permitting a fragment of tissue to be taken with the
Franklin modification of the Vim Silverman needle. This was fixed for microscopic
study in 10 per cent formol.
RESULTS
Incidence and course of infection. In a total of 26 dogs a cautery wire
was inserted to a depth of about 1.5 cm. in the lower pole of the left
kidney and a single thermo-cautery scar was produced. After the intra-
venous injection of E. coli, animals were sacrificed at different intervals
up to 12 weeks (Table 1). It will be seen that only on one occasion was
there appreciable growth in the right kidney. The left kidney, however,
was infected in 15 of the 26 animals. In the course of subsequent experi-
ments designed to study other problems, additional animals were similarly
treated and 14 of 19 inoculated with E. coli showed infection. Thus about
65 per cent of the kidneys of dogs with a small medullary scar were
found to be susceptible to this hematogenous infection.
The infection can be detected one day after the bacterial injection and
may actively persist up to 12 weeks after the original inoculation.
Gross appearance of infection. The presence of infection usually could
not be detected by simple inspection. In contrast with previous results
in rabbits, abscesses were rarely seen in kidneys of dogs. In the early
phases of infection the original lesion appeared as a small necrotic
area and a wedge of red or gray discoloration was seen radiating towards
the lower pole. In longstanding infections (more than three weeks) the
left kidney tended to be enlarged, displaying a thick, opaque and vascularized
adherent capsule. Examination of a cut section showed a variable degree
of hydronephrosis of the entire renal parenchyma. This hydronephrosis
(Fig. 1) is of interest because no obstruction of the ureter has been ob-
served. Mucosa of the renal pelvis was frequently thickened in these
cases.
The bladder of non-catheterized animals was usually unremarkable. In
animals subjected to several catheterizations, and particularly in those
animals which developed proteus infection after those procedures there
was intense redness of the mucosa and swelling of the entire baldder wall.
Microscopic appearance of the lesion. In dogs, as already described
in rabbits, the medullary thermo-cautery injury results in tubular ob-
struction proximal to it with the development of "intrarenal hydrone-
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Volume 36, October 1963FIG. 1. Demonstration of hydronephrosis of the entire parenchyma of the left kidney
in a dog with an infection of three weeks' duration.
FIG. 2. Marked periglomerular fibrosis in the kidney of a dog with kidney infection of
six weeks' duration. Notice also tubular atrophy, marked interstitial mononuclear cell
infiltration, dilatation of Bowman's spaces with eosinophilic material in some of them.
Hematoxylin eosin x 430.FIG. 3. Cystic dilatation of several tubules filled with homogeneous eosinophilic
material in an area of diffuse mononuclear cell infiltration. Hematoxylin eosin x 100.
FIG. 4. Marked edema of bladder mucosa with diffuse infiltration of inflammatory
cells. This picture of severe cystitis was seen in a dog with "spontaneous" proteus
infection in the urinary tract, following several bladder catheterizations. Hematoxylin
eosin x 100.Experimental pyelonephritis in dogs I ROCHA
TABLE 1. INCIDENCE AND PERSISTEqNCE OF INFECTION*






















































































































* Results of bacteriological examination of kidney and bladder urine at varying
intervals in dogs injected with E. coli one week after cautery injury of the medulla
of the left kidney.
** Organism recovered was coagulase negative staphylococcus.
phrosis." Early infection (24 to 36hours) was characterized by perivascular
and interstitial infiltrate of polymorphonuclear leukocytes and mononuclear
cells, mainly in the area adjacent to the lesion. As the infection progressed
the histologic picture was that of an extensive interstitial mononuclear
cell infiltrate surrounding normal-appearing glomeruli. After six weeks
of infection marked periglomerular fibrosis could be detected in some
animals (Fig. 2), as well as "thyroid-like" areas (Fig. 3) coupled with
tubular atrophy, interstitial fibrosis, and mononuclear cell infiltration. In
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animals subjected to repeated bladder catheterizations, and particularly in
those animals with "spontaneous" proteus infection, there was severe cystitis
(Fig. 4).
Test for occurrence of "spontaneous" infection. Ten dogs submitted
to medullary cautery injury of the left kidney were not given bacteria
by any route (controls) and were examined at different time intervals
(3 days to 15 weeks) for evidence of development of infection in the
injured kidney. In two animals coagulase negative staphylococcus was
TABLE 2. OCCURRENCE OF INFECTION IN CONTROL ANIMALS*
Bacterial colonies
Time from Bladder Type of
Dog. no. injury Lt. kidney Rt. kidney urine bacteria
27 3 days 0 0 0
28 1 week >10 0 >10' Staph. aureus
29 2 weeks 0 0 0
30 3 " >105 0 >105 Staph. aureus
31** 4" 0 0 0
32 " " 0 0 0
33** " " 0 0 >105 Proteus
34 " " 0 0 0
35** 6" 0 0 0
36** 15 " 0 0 >105 Proteus
*Bacteriological examination of kidneys and bladder urine in dogs at varying
intervals after the cautery injury of the left kidney medulla. These animals were not
injected with E. coli.
**Animals catheterized from 1 to 17 times.
isolated from left kidney and urine, and in two others which suffered re-
peated catheterization a proteus infection could be detected in the urine
without kidney involvement (Table 2).
Influence of bladder catheterizations on the occurrence of "spontaneous"
infection. Fourteen dogs with E. coli pyelonephritis and four controls
were submitted to an average of eight bladder catheterizations. In six
instances "spontaneous "infections (>105 organisms per ml. of urine) were
detected, two being due to coagulase negative staphylococcus and four
due to proteus. In 32 non-catheterized dogs (26 infected with E. coli and
6 controls), four "spontaneous" infections were detected and in all of
them a coagulase negative staphylococcus was the infective agent (Table
3). Proteus infection was seen only in catheterized animals. Another point
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of interest was that in all "spontaneous" staphylococcal infections, left
kidney and bladder urine contained large numbers of bacteria whereas in
instances of proteus infection all but one dog had bacteria only in the
bladder urine. These observations are enough to stress the potential
hazard of repeated catheterizations as a source of urinary tract infections.
Trigonal irritation and mild cystitis were observed following several
bladder catheterizations even in the absence of infection.
Infection of the urine. Repeated urine samples were collected under
sterile technique for bacteriologic study as well as urinalysis. We observed
again that when infection is developing in the kidney bacteria appear early
TABLE 3. BLADDER CATHETERIZATION AND "SPONTANEOUS" URINARY
TRACT INFECTIONS IN DOGS*
"Spontaneous" infections
Bacterial flora
Animals Total No. Proteus Staphylococcus
Catheterized 18** 6 4 2
Non-catheterized 32** 4 0 4
* Influence of bladder catheterizations on the occurrence and bacterial flora of
"spontaneous" urinary tract infections in dogs submitted to cautery injury to the
medulla of the left kidney.
** Four of the catheterized and six of the non-catheterized dogs were never injected
with bacteria. All other animals had E. coli injection.
in the bladder urine. Repeated catheterizations throughout the course of
the infection in 14 animals showed always >105 organisms per ml. of
urine in the presence of active kidney infection. Urinalysis revealed pyuria
(by an arbitrary figure of 5 leukocytes or more per high power field) and
1+ to 2+ proteinuria in animals which suffered only the medullary cautery
injury with no superimposed infection. Pyuria tended to increase con-
siderably in the presence of infection. A finding of more than 3+ proteinuria
was rare.
Needle biopsy of the kidney. A single biopsy of the lower pole of the
left kidney was performed in 12 dogs, one of whom never was injected with
bacteria. These biopsies were performed from one to 12 weeks after the
inoculation of E. coli in infected animals (one week in 1, two weeks in 3,
three weeks in 5, eight weeks in 1, and twelve weeks in 1). In all instances
a 1 cm. to 1.5 cm. cylinder of kidney tissue was obtained and only once
was material considered to be insufficient for pathologic study (it showed
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only medullary zone). The histologic changes were suggestive of pyelone-
phritis in eight instances (Fig. 5), and normal kidney tissue was obtained
from the remaining three animals (including the control). The high in-
cidence of positive findings is not surprising since tissue was taken from
the lower pole where the main alterations should be present.
DISCUSSION
It seems apparent that the dog offers some advantages over small
animals in the study of pyelonephritis. The tendency to chronicity of the
kidney infection, its low grade interstitial activity, the ability to follow
the urinary changes by serial bladder catheterizations, and the availability of
histologic studies of the kidney from live animals were the major advantages
observed.
As already pointed out in previous studies2" infection developed primarily
in zones where obstruction of tubular drainage occurred. Of great interest
was the frequent demonstration of hydronephrosis of the entire parenchyma
of the kidney in animals with longstanding infection (more than three
weeks). An explanation for this observation is not apparent at this time.
Nevertheless, a few possibilities should be mentioned: (a) development
of ureteritis giving rise to obstruction and pelvic pressure, (b) retraction
from the scar tissue around the original injury and severe inflammation
and retraction due to the infection, (c) necrotizing papillitis with sub-
sequent transient urethral obstruction. In any case, in the presence of
marked hydronephrosis inflammatory changes could be demonstrated in
the whole kidney parenchyma, suggesting generalization of the infection.
This was certainly made possible by the same obstructive factor from
which hydronephrosis resulted.
Similarly to its observed behavior in man,6 proteus infection developed in
the urinary tract of dogs after urethral catheterization. This infection tended
to persist and in one instance the left kidney was invaded by this organism.
The demonstration of severe generalized cystitis suggests a pathologic
role of this organism in damaging the bladder wall. The fact that dogs
were sacrificed soon after getting proteus infection may have decreased the
number of times kidney invasion was detected. This observation is not sur-
prising since pyelonephritis has been demonstrated to occur in rabbits with
medullary scar' and also in rats"8 subsequent to the inoculation of
pathogenic bacteria into the bladder. The diverse behavior of "spontaneous"
proteus and staphylococcal infections suggests a different pathogenesis.
Proteus was isolated only from catheterized animals and induced mainly a
Volume 36, October 1963FIG. 5. Needle biopsy of the kidniey froml a dog with pyeloileplhritis of eight weeks'
(luratioIn. There is inlterstitial Imlonioinuclear cell inifiltratioin all(l some periglomierlniar
fibrosis. Hematoxylini eosini x 430.Experimental pyelonephritis in dogs I ROCHA
urinary bladder infection accompanied by severe cystitis. Staphylococcal
infections were always found in both the kidney and urine with minimal
or no bladder involvement. These facts suggest an ascending mechanism
for the first and a hematogenous route for the latter. "Spontaneous"
staphylococcal infections have been observed in rats after complete ureteral
ligation! and are chiefly related to operative contamination in susceptible
animals.' No similar infections were described in rabbits with medullary
scars.'
The experimental model just presented seems to offer additional pos-
sibilities when compared to others already described. Controversial aspects
of the pathogenesis of pyelonephritis as well as therapy of this infection
could probably be approached by this method.
SUMMARY
Hematogenous E. coli pyelonephritis was induced in 29 of 45 dogs
submitted to a previous thermocautery injury to the medulla of the left
kidney. Infection showed a lower grade interstitial activity, practically no
tendency to abscess formation and a protracted course tending to chronicity
(active infection persisted up to 12 weeks in some animals). Serial urine
samples taken by bladder catheterization showed always >10Q, colonies of
E. coli per ml. in instances of active infection; pyuria and 1+ to 3+
proteinuria were constant findings on urinalysis. In this experimental animal
the induction of a medullary scar appeared to render the kidney susceptible
to "spontaneous" staphylococcal infection. Repeated bladder catheteriza-
tions were occasionally followed by proteus infection, usually confined to
the bladder. In one instance there was concomitant kidney invasion by
this organism. In addition, this experimental observation stresses the
potential hazard of repeated catheterizations as a source of urinary tract
infection. Needle biopsy taken at the lower pole of left kidney revealed
histologic changes suggestive of pyelonephritis in four-fifths of the infected
cases studied.
The use of dogs in the study of experimental pyelonephritis obviates
some of the difficulties encountered in working with smaller animals. More-
over, it conceivably offers additional possibilities of studying controversial
problems of pathogenesis and therapy of this infection.
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